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ALKALI - METAL VAPOR CELL ATOMIC in structure and expensive , which will cause the alkali - metal 
CLOCK SYSTEM vapor cell atomic clock with the above oscillator to have a 

large size and high costs . 
CROSS - REFERENCE TO RELATED 

APPLICATIONS SUMMARY 5 

10 

15 

20 

This application claims all benefits accruing under 35 What is needed , therefore , is to provide an alkali - metal 
U.S.C. $ 119 from China Patent Application No. vapor cell atomic clock system , which has small size and 
201710015477.0 , filed on Jan. 10 , 2017 in the State Intel low costs , and is capable of reducing the Dick effect . 
lectual Property Office of China , the content of which is An alkali - metal vapor cell atomic clock system can com 
hereby incorporated by reference . This application is a prise a crystal oscillator , a frequency synthesizer connected 
continuation under 35 U.S.C. § 120 of international patent with the crystal oscillator , a proportional - integral - derivative 
application PCT / CN2017 / 114483 filed on Dec. 4 , 2017 , the controller connected with the crystal oscillator , and a laser 
content of which is also hereby incorporated by reference . generating device , wherein a frequency signal emitted by the 

crystal oscillator is converted into a microwave signal by the 
FIELD frequency synthesizer , and the microwave signal is input 

into the laser generating device , to modulate a laser beam 
The present application relates to the technical field of emitted by the laser generating device . 

frequency metrology , and in particular , to an alkali - metal The alkali - metal vapor cell atomic clock system can 
vapor cell atomic clock system . further comprise a first atomic vapor cell and a second 

atomic vapor cell , wherein the laser beam emitted by the 
BACKGROUND laser generating device is divided into a first laser signal 

entering the first atomic vapor cell and a second laser signal 
The development of atomic clocks with high perfor- 25 entering the second atomic vapor cell , and the first atomic 

mance , compact structure , and low power consumption is of vapor cell and the second atomic vapor cell are both alkali 
great importance to many scientific research and industrial metal atomic vapor cells . 
production . Applications of atomic clocks comprise gravi The alkali - metal vapor cell atomic clock system can 
tational wave detection , verification of general relativity , further comprise a digital signal processor connected with 
new - generation satellite navigation and positioning , net- 30 the laser generating device and the proportional - integral 
work synchronization , and time keeping systems on mobile derivative controller respectively , wherein the digital signal 
platforms . In many types of atomic clocks , the alkali - metal processor outputs a first time sequence to control the first 
vapor cell atomic clock has attracted more and more atten laser signal , and the digital signal processor outputs a second 
tion because of its simple structure and high stability . In time sequence to control the second laser signal . 
recent years , with the development of technologies such as 35 The alkali - metal vapor cell atomic clock system can 
laser devices , the laboratory - use alkali - metal vapor cell further comprise a photoelectric sensing device connected 
atomic clocks based on technologies such as optical - micro with the digital signal processor , wherein the photoelectric 
wave double resonance ( OMDR ) , coherence population sensing device is configured to receive optical signals 
trapping ( CPT ) , pulsed optical pumping ( POP ) and pulsed respectively output from the first atomic vapor cell and the 
integrating sphere , have achieved the short - term stability of 40 second atomic vapor cell , convert the optical signals into 
a level of 1-4x10-131 Comparing with the present com electrical signals , and transmit the electrical signals to the 
mercial lamp - pumped rubidium atomic clock , the labora digital signal processor , and the digital signal processor 
tory - use alkali - metal vapor cell atomic clocks have calculates a correction signal according to the electrical 
improved the short - term stability by about two orders , and signals . The proportional - integral - derivative controller 
the short - term stability keeps approaching that of a hydrogen 45 adjusts an output frequency of the crystal oscillator accord 

ing to the correction signal . 
The main factors limiting the short - term stability of the In an embodiment , the laser generating device comprises 

above - mentioned alkali - metal vapor cell atomic clocks a laser device , an electro - optical modulator , a spectroscopic 
include the quantum projection noise , the relative intensity means , a first acousto - optic modulator , a second acousto 
noise of the laser , frequency modulation to amplitude modu- 50 optic modulator , and a laser time sequence regulator ; the 
lation conversion noise , and the Dick effect due to the noise microwave signal and the laser beam emitted by the laser 
of the crystal oscillator . As early as 1990 , G. J. Dick device enter the electro - optical modulator in which the laser 
discovered the Dick effect . However , as a magnitude of the beam is modulated by the microwave signal ; a modulated 
Dick effect is small , it was not the main restriction factor for laser beam is divided , by the spectroscopic means , into the 
the short - term stability of the atomic clock at that time . 55 first laser signal and the second laser signal having the same 
However , along with the application of the pulsed Ramsey intensity ; and the laser time sequence regulator is connected 
coherence population trapping ( Ramsey - CPT ) atomic clock , with the digital signal processor . 
the short - term stability of the atomic clock gradually In an embodiment , the spectroscopic means is a non 
approaches the limit of the quantum projection noise , and polarization beam splitting prism . 
the Dick effect has then gradually become an important 60 In an embodiment , the laser generating device further 
factor restricting the short - term stability of the alkali - metal comprises a half - wave plate disposed between the electro 
vapor cell atomic clock . optical modulator and the laser device . 

In order to reduce the Dick effect of the atomic clock , an In an embodiment , the laser time sequence regulator 
oscillator with better phase noise properties ( such as a comprises a first radio frequency ( RF ) switch connected 
cryogenic sapphire oscillator ) can be used instead of the 65 with the first acousto - optic modulator , a second RF switch 
ordinary crystal oscillator . However , the above - mentioned connected with the second acousto - optic modulator , and a 
oscillator with better phase noise properties is complicated RF source connected with the first RF switch and the second 
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RF switch . The first RF switch and the second RF switch are atomic clock system to have more stable frequency output . 
connected with the digital signal processor . In addition , the crystal oscillator has low costs , therefore the 

In an embodiment , the photoelectric sensing device com alkali - metal vapor cell atomic clock system has the advan 
prises a first photoelectric detector and a second photoelec tages of low costs and high stability . 
tric detector respectively connected with the digital signal 5 
processor . The first photoelectric detector is configured to BRIEF DESCRIPTION OF THE DRAWINGS 
convert the optical signal output from the first atomic vapor 
cell into an electrical signal , and the second photoelectric FIG . 1 is a working time sequence diagram of a pulsed 
detector is configured to convert the optical signal output coherence population trapping atomic clock ; 
from the second atomic vapor cell into another electrical 10 FIG . 2 is a structural block diagram of an embodiment of 
signal . an alkali - metal vapor cell atomic clock system ; 

In an embodiment , the alkali - metal vapor cell atomic FIG . 3 is a structural block diagram of another embodi 
clock system further comprises a first magnetic shielding ment of the alkali - metal vapor cell atomic clock system ; 
device and a second magnetic shielding device , wherein a FIG . 4 is a structural block diagram of yet another 
first magnetic field coil and a first atomic vapor cell heater 15 embodiment of the alkali - metal vapor cell atomic clock 
are provided inside the first magnetic shielding device . A system ; 
second magnetic field coil and a second atomic vapor cell FIG . 5 is a structural block diagram of yet another 
heater are provided inside the second magnetic shielding embodiment of the alkali - metal vapor cell atomic clock 
device . The first magnetic shielding device is configured to system ; 
provide a magnetic shield for the first atomic vapor cell . The 20 FIG . 6 is a schematic diagram illustrating an embodiment 
second magnetic shielding device is configured to provide of an optical path of a working alkali - metal vapor cell 
another magnetic shield for the second atomic vapor cell . atomic clock system ; 

In an embodiment , the crystal oscillator is a voltage FIG . 7 is a working time sequence diagram of an embodi 
controlled oscillator . ment of the alkali - metal vapor cell atomic clock system ; 

In an embodiment , a free evolution time of the first time 25 FIG . 8 is a schematic diagram illustrating an embodiment 
sequence overlaps at least partially a laser pumping time of of error signal acquisition of the working alkali - metal vapor 
the second time sequence . cell atomic clock system . 

In an embodiment , the first atomic vapor cell and the 
second atomic vapor cell alternately lock the crystal oscil DETAILED DESCRIPTION 
lator . When the first atomic vapor cell is in a free evolution 30 
state , the second atomic vapor cell is in a laser pumping The present disclosure will be described in detail with 
state . reference to the accompanying figures and embodiments . It 

In an embodiment , the laser generating device comprises should be understood that the specific embodiments 
a laser device , two electro - optical modulators , a spectro described herein are merely illustrative of the disclosure , but 
scopic means , a first acousto - optic modulator , a second 35 not intended to limit the present disclosure . 
acousto - optic modulator , and a laser time sequence regula Referring to FIG . 1 , which is a working time sequence 
tor . A laser beam emitted by the laser device is first divided diagram of a pulsed coherence population trapping atomic 
into two laser beams with the same intensity by the spec clock , a working process of the pulsed coherence population 
troscopic means , and two laser beams enter two electro trapping atomic clock comprises three parts : an optical 
optical modulators respectively . Microwave signals emitted 40 pumping , a free evolution , and a detection . T is an optical 
by the frequency synthesizer are input into two electro pumping time , T is a free evolution time , Tm is a detection 
optical modulators respectively . In the electro - optical modu time , ta is a detection integration time , and Tc is a cycle 
lators , the microwave signals modulates the laser beams . time . It can be seen from the time sequence diagram of FIG . 
The modulated two laser beams are a first laser signal and a 1 that only during the free evolution time T can the atom 
second laser signal . The first laser signal and the second laser 45 sense the phase change of the local oscillator's output signal , 
signal have the same intensity , and the laser time sequence and that the local oscillator's phase is not locked to the atom 
regulator is connected with the first acousto - optic modulator , in the optical pumping time tand in the detection integration 
the second acousto - optic modulator , and the digital signal time t and this time period is also called the dead time Ta 
processor , respectively . The dead time Ta causes the phase sensitivity function of the 

In an embodiment , the digital signal processor outputs the 50 pulsed coherence population trapping atomic clock not 
first time sequence into the first RF switch , to control a time always to be 1 during one working cycle Tc . Therefore , the 
sequence of the first laser signal . The digital signal processor spectrum of the phase sensitivity function will be broadened , 
outputs the second time sequence into the second RF switch , resulting in a frequency mixing effect caused by the n - th 
to control a time sequence of the second laser signal . harmonic wave and the local oscillator's phase noise at n / Tc 

In an embodiment , a laser pumping time of the first time 55 ( usually expressed as Sy ( m / T . ) ) . The feedback loop will 
sequence overlaps partially a free evolution time of the regard the mixed signal as an error signal and then feed it 
second time sequence . back on the local oscillator to optimize the output of the 

The alkali - metal vapor cell atomic clock system provided local oscillator , which will deteriorate the short - term stabil 
by the present disclosure comprises the first atomic vapor ity of the local oscillator . What is described above is the 
cell and the second atomic vapor cell . The digital signal 60 Dick effect in the pulsed coherence population trapping 
processor outputs the first time sequence to control the first atomic clock and the influence of the Dick effect on the local 
laser signal , and the digital signal processor outputs the oscillator's output . 
second time sequence to control the second laser signal . As shown in FIG . 2 , an embodiment of the present 
Thereby , the first atomic vapor cell and the second atomic disclosure provides an alkali - metal vapor cell atomic clock 
vapor cell can alternately lock the crystal oscillator . The 65 system 100 capable of reducing the Dick effect . The alkali 
Dick effect is reduced by alternately locking the crystal metal vapor cell atomic clock system 100 comprises a 
oscillator , thereby enabling the alkali - metal vapor cell crystal oscillator 110 , a frequency synthesizer 120 connected 

TA do 
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with the crystal oscillator 110 , a laser generating device 130 , output of the frequency of the crystal oscillator 110. In 
a first atomic vapor cell 140 , a second atomic vapor cell 150 , addition , since the cost of the crystal oscillator 110 is low , 
a photoelectric sensing device 160 , a digital signal processor the alkali - metal vapor cell atomic clock system 100 pro 
170 , and a proportional - integral - derivative controller 180 . vided by the embodiment of the present application has the 

A frequency signal emitted by the crystal oscillator 110 is 5 advantages of low cost and high stability . 
converted into a microwave signal by the frequency synthe Referring to FIG . 3 , in an embodiment , the laser gener 
sizer 120. The frequency synthesizer 120 outputs the micro ating device 130 comprises a laser device 131 , an electro 
wave signal into the laser generating device 130. The optical modulator 132 , a spectroscopic means 133 , a first 
microwave signal modulates a laser beam emitted by the acousto - optic modulator 134 , a second acousto - optic modu 
laser generating device 130. After the laser beam emitted by 10 lator 136 , and a laser time sequence regulator 135 . 
the laser generating device 130 is modulated by the micro The laser beam emitted by the laser device 131 enters the 
wave signal , the modulated laser beam is divided into a first electro - optical modulator 132. The microwave signal emit 
laser signal entering the first atomic vapor cell 140 and a ted by the frequency synthesizer 120 is input into the 
second laser signal entering the second atomic vapor cell electro - optical modulator 132. In the electro - optical modu 
150. The first laser signal and the second laser signal have 15 lator 132 , the laser beam is modulated by the microwave 
the same intensity . The first atomic vapor cell 140 and the signal . The modulated laser beam is divided into the first 
second atomic vapor cell 150 are both alkali - metal atomic laser signal and the second laser signal by the spectroscopic 
vapor cells for providing alkali - metal atomic vapor . The means 133. The first laser signal and the second laser signal 
digital signal processor 170 is connected with the laser have the same intensity . The first laser signal enters the first 
generating device 130. The digital signal processor 170 20 acousto - optic modulator 134 , and the second laser signal 
outputs a first time sequence to control the first laser signal . enters the second acousto - optic modulator 136. The laser 
The digital signal processor 170 outputs a second time time sequence regulator 135 is respectively connected with 
sequence to control the second laser signal . That is , the time the first acousto - optic modulator 134 , the second acousto 
sequence of the first laser signal and the time sequence of the optic modulator 136 , and the digital signal processor 170 . 
second laser signal can be controlled by the digital signal 25 The digital signal processor 170 outputs the first time 
processor 170. The photoelectric sensing device 160 is sequence into the laser time sequence regulator 135 , to 
connected with the digital signal processor 170. The pho control the time sequence of the first laser signal . The digital 
toelectric sensing device 160 is configured to convert an signal processor 170 outputs the second time sequence into 
optical signal output from the first atomic vapor cell 140 and the laser time sequence regulator 135 , to control the time 
another optical signal output from the second atomic vapor 30 sequence of the second laser signal . The structure of the 
cell 150 into electrical signals , which are transmitted to the spectroscopic means 133 is not limited , so long as it can 
digital signal processor 170. According to the electrical divide the laser beam emitted by the laser device 131 into 
signals , the digital signal processor 170 calculates a correc two beams with the same intensity . In an embodiment , the 
tion signal . The proportional - integral - derivative controller spectroscopic means 133 is a non - polarization beam split 
180 is connected with the crystal oscillator 110 and the 35 ting prism . In addition , the laser generating device 130 can 
digital signal processor 170. According to the correction further comprise a half - wave plate disposed between the 
signal calculated by the digital signal processor 170 , the electro - optical modulator 132 and the laser device 131 . 
proportional - integral - derivative controller 180 generates a Referring to FIG . 4 , in an embodiment , the laser time 
feedback signal to adjust the output frequency signal of the sequence regulator 135 comprises a first radio frequency 
crystal oscillator 110 . 40 ( RF ) switch 104 , a second RF switch 106 , and a RF source 

Specifically , the crystal oscillator 110 is a voltage - con 108. The RF source 108 is connected with the first RF switch 
trolled oscillator , whose output frequency is controlled by 104 and the second RF switch 106 , and is configured to 
the voltage input to the crystal oscillator . For example , if the provide a radio frequency signal . The first RF switch 104 is 
input voltage increases , the output frequency will increase , connected with the first acousto - optic modulator 134 and the 
and if the input voltage decreases , the output frequency will 45 digital signal processor 170. The second RF switch 106 is 
decrease . The feedback signal is a voltage signal , and connected with the second acousto - optic modulation 136 
therefore the output frequency of the crystal oscillator can be and the digital signal processor 170. The digital signal 
adjusted by the feedback signal . The working principle of processor 170 outputs the first time sequence into the first 
the atomic clock is described as follows . The atomic electron RF switch 104 , to control the time sequence of the first laser 
transition spectral line is set to be a standard . The frequency 50 signal . The digital signal processor 170 outputs the second 
of the microwave output by the frequency synthesizer time sequence into the second RF switch 106 , to control the 
according to the frequency of the crystal oscillator is com time sequence of the second laser signal . 
pared with the frequency of the atom . If the frequency of the In an embodiment , the photoelectric sensing device 160 
microwave differs from a center frequency of the atom , then comprises a first photoelectric detector 162 and a second 
the feedback voltage caused by the difference is output to the 55 photoelectric detector 164. The digital signal processor 170 
crystal oscillator by the system , and the frequency of the is respectively connected with the first photoelectric detector 
crystal oscillator is adjusted to be the same as the center 162 and the second photoelectric detector 164. The first 
frequency of the atom . photoelectric detector 162 is configured to convert an optical 

In the alkali - metal vapor cell atomic clock system 100 , the signal output from the first atomic vapor cell 140 into an 
time sequence of the first laser signal and the time sequence 60 electrical signal . The second photoelectric detector 164 is 
of the second laser signal can be controlled by the digital configured to convert an optical signal output from the 
signal processor 170 , thereby enabling the first atomic vapor second atomic vapor cell 150 into another electrical signal . 
cell 140 and the second atomic vapor cell 150 to lock the Referring to FIG . 5 , in an embodiment , the laser gener 
crystal oscillator 110 alternately . Through alternately lock ating device 130 comprises a laser device 131 , two electro 
ing the crystal oscillator 110 , the dead time is reduced , 65 optical modulators 132 , a spectroscopic means 133 , a first 
thereby reducing the Dick effect . Thus , the alkali - metal acousto - optic modulator 134 , a second acousto - optic modu 
vapor cell atomic clock system 100 can have a more stable lator 136 , and a laser time sequence regulator 135 . 
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Different from FIG . 4 , in the embodiment of FIG . 5 , the outputted from the electro - optical modulator 132 , and is 
laser generating device 130 comprises two electro - optical divided into two portions with the same intensity by a 
modulators 132. The laser beam emitted by the laser device non - polarization beam splitting prism ( the spectroscopic 
131 is firstly divided into two laser beams with the same means 133 ) , and the two portions enter into the first acousto 
intensity by the spectroscopic means 133 , and the two laser 5 optic modulator 134 and the second acousto - optic modulator 
beams enter two electro - optical modulators 132 , respec 136 , respectively . A portion entering the first acousto - optic 
tively . The microwave signals emitted by the frequency modulator 134 is the first laser signal , and the other portion 
synthesizer 120 are input into two electro - optical modulators entering the second acousto - optic modulator 136 is the 
132 , respectively . In the electro - optical modulators 132 , the second laser signal . The digital signal processor 170 outputs 
microwave signals modulate the laser beams . The modu- 10 the first time sequence to control the time sequence of the 
lated two laser beams are the first laser signal and the second first laser signal through the first RF switch 104. The digital 
laser signal . The first laser signal and the second laser signal signal processor 170 outputs the second time sequence to 
have the same intensity . The first laser signal enters the first control the time sequence of the second laser signal through 
acousto - optic modulator 134 , and the second laser signal the second RF switch 106. The first time sequence and the 
enters the second acousto - optic modulator 136. The laser 15 second time sequence have same laser pumping time and 
time sequence regulator 135 is respectively connected with free evolution time . In order to reduce the dead time , the free 
the first acousto - optic modulator 134 , the second acousto evolution time of the first time sequence overlaps at least 
optic modulator 136 , and the digital signal processor 170 . partially the laser pumping time of the second time 
The digital signal processor 170 outputs the first time sequence . 
sequence into the laser time sequence regulator 135 , to 20 Specifically , referring to FIG . 7 , the control of the first 
control the time sequence of the first laser signal . The digital time sequence and the second time sequence are described 
signal processor 170 outputs the second time sequence into as follows . In FIG . 7 , the first atomic vapor cell 140 
the laser time sequence regulator 135 , to control the time corresponds to the first time sequence . The second atomic 
sequence of the second laser signal . The structure of the vapor cell 150 corresponds to the second time sequence . As 
spectroscopic means 133 is not limited , so long as it can 25 can be seen from FIG . 7 , the free evolution time T of the first 
divide the laser beam emitted by the laser device 131 into time sequence overlaps partially the laser pumping time of 
two beams with the same intensity . In an embodiment , the the second time sequence , and the laser pumping time of the 
spectroscopic means 133 is a non - polarization beam split first time sequence overlaps partially the free evolution time 
ting prism . In addition , the laser generating device 130 can of the second time sequence . Since the free evolution time 
further comprise a half - wave plate disposed between the 30 of the alkali - metal atomic vapor cell is the effective time , the 
electro - optical modulator 132 and the laser device 131 . present application can achieve an alternative locking of the 

Referring to FIG . 6 , in an embodiment , the alkali - metal crystal oscillator 110 by a cooperation of the first atomic 
vapor cell atomic clock system 100 can further comprise a vapor cell 140 and the second atomic vapor cell 150 , and by 
first magnetic shielding device 142 and a second magnetic setting the first time sequence and the second time sequence . 
shielding device 152. The first atomic vapor cell 140 is 35 Specifically , at the beginning , the first laser signal enter 
disposed in the first magnetic shielding device 142. The ing the first atomic vapor cell 140 is closed by shutting off 
second atomic vapor cell 150 is disposed in the second the first RF switch 104 , so that the first atomic vapor cell 140 
magnetic shielding device 152. The first magnetic shielding is in a free evolution state . At the same time , the second RF 
device 142 and the second magnetic shielding device 152 switch 106 is turned on , enabling the second laser signal to 
are configured to provide magnetic shields . Specifically , the 40 enter the second atomic vapor cell 150 , so that the second 
first magnetic shielding device 142 can provide a magnetic atomic vapor cell 150 is in the optical pumping state . Then , 
shield for the first atomic vapor cell 140. The second after the free evolution time T , the free evolution state of the 
magnetic shielding device 152 can provide another magnetic first atomic vapor cell 140 ends , and the first RF switch 104 
shield for the second atomic vapor cell 150. Each of the is turned on , enabling the first laser signal to enter the first 
magnetic shielding devices above is provided with an axial 45 atomic vapor cell 140. At the moment Tm when the first RF 
magnetic field coil ( not shown ) and an atomic vapor cell switch 104 is turned on , the first photoelectric detector 162 
heater ( not shown ) . The axial magnetic field coil is config acquires the optical signals , and an averaging operation 
ured to provide a stable axial magnetic field for the atomic during time period t , is performed . The averaging operation 
vapor cell . The atomic vapor cell heater is configured to heat means that the signals are continuously acquired in the time 
the atomic vapor cell , so as to provide atomic vapor . The 50 period T4 , and finally an average value is output . 
atoms in the atomic vapor cell can be 87Rb , 85Rb or Immediately after the averaging operation is completed , 
and the corresponding laser device and the output frequency the second RF switch 106 is turned off , so that the second 
of the frequency synthesizer will be changed according to atomic vapor cell 150 is in a free evolution state . After a time 
different atoms . period T , the free evolution state of the second atomic vapor 

FIG . 6 is a schematic diagram illustrating the connection 55 cell 150 ends , and the second RF switch 106 is turned on , so 
and the optical path of the working alkali - metal vapor cell that the second laser signal enters the second atomic vapor 
atomic clock system 100. The working process of the cell 150. At the moment tm when the second RF switch 106 
alkali - metal vapor cell atomic clock system 100 will be is turned on , the second photoelectric detector 164 acquires 
described below taking FIG . 6 as an example . The laser the optical signals , and an averaging operation during time 
beam emitted by the laser device 131 is sent to the electro- 60 period T4 is performed . The subsequent operation process 
optical modulator 132 through the half - wave plate . The 10 can be repeated according to the previous time sequence . By 
M frequency signal generated by the crystal oscillator 110 such operation , the dead time caused by optical pumping in 
generates a microwave signal through the frequency syn the alkali - metal vapor cell atomic clock system 100 is 
thesizer 120. The microwave signal is fed to a microwave eliminated , thereby reducing the Dick effect greatly . 
input port of the electro - optical modulator 132 , so as to 65 The optical signals are converted into the electrical sig 
modulate the phase of the laser beam entering the electro nals by the first photoelectric detector 162 and the second 
optical modulator 132. The phase - modulated laser beam is photoelectric detector 164 , and then processed by the digital 
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signal processor 170 , to obtain a correction signal . The invention , and they are within the protection scope of the 
correction signal is output to the proportional - integral - de present invention . Therefore , the scope of the invention 
rivative controller 180 , to generate a feedback signal ( feed should be determined by the appended claims . 
back voltage ) to adjust the output frequency of the crystal What is claimed is : 
oscillator 110 , thereby completing a closed loop control of 5 1. An alkali - metal vapor cell atomic clock system , com 
the alkali - metal vapor cell atomic clock system 100. In the prising : 
step of generating the correction signal , the microwave a crystal oscillator ; 
signal can be modulated by square wave phase modulation a frequency synthesizer connected with the crystal oscil 
or frequency modulation through the frequency synthesizer lator ; 
120. The frequency or phase of the output microwave of the 10 a proportional - integral - derivative controller connected 
frequency synthesizer 120 is modulated through the modu with the crystal oscillator ; 
lation port of the frequency synthesizer 120. Specifically , as a laser generating device , wherein a frequency signal 
shown in FIG . 8 , the error signal is a difference between the emitted by the crystal oscillator is converted into a 
measured voltage signals of two phases 0 ° and 90 ° or microwave signal by the frequency synthesizer , and the 
voltage signals of two frequencies f1 and f2 . The correction 15 microwave signal is input into the laser generating 
signal is input into the proportional - integral - derivative con device , to modulate a laser beam emitted by the laser 
troller , generating a feedback voltage to adjust the output generating device ; 
frequency of the crystal oscillator , thereby completing the a first atomic vapor cell and a second atomic vapor cell , 
closed loop control of the alkali - metal vapor cell atomic wherein the laser beam emitted by the laser generating 
clock system 100 . device is divided into a first laser signal entering the 

In the embodiments provided in the present application , it first atomic vapor cell and a second laser signal enter 
should be understood that the related devices and methods ing the second atomic vapor cell , and the first atomic 
disclosed can be implemented in other manners . For vapor cell and the second atomic vapor cell are both 
example , the device embodiments described above are alkali - metal atomic vapor cells ; 
merely illustrative . For example , the modules or units are 25 a digital signal processor connected with the laser gener 
classified only according to their logical functions , and can ating device and the proportional - integral - derivative 
be classified in other manners in actual implementation . For controller respectively , wherein the digital signal pro 
example , multiple units or components can be combined or cessor outputs a first time sequence to control the first 
integrated into another system , or some features can be laser signal , and the digital signal processor outputs a 
omitted or not be implemented . In addition , the mutual 30 second time sequence to control the second laser signal ; 
coupling or direct coupling or communication connection and 
shown or discussed can be an indirect coupling or commu a photoelectric sensing device connected with the digital 
nication connection through some interfaces , devices or signal processor , wherein the photoelectric sensing 
units and in an electrical manner , mechanical manner or device is configured to receive optical signals respec 
other manners . tively output from the first atomic vapor cell and the 

The units described as separate components can or cannot second atomic vapor cell , convert the optical signals 
be physically separated . The components shown as units can into electrical signals , and transmit the electrical sig 
be or cannot be physical units , that is to say , the components nals to the digital signal processor , the digital signal 
can be located in one place , or can be distributed in multiple processor calculates a correction signal according to the 
network units . Some or all of the units can be selected 40 electrical signals ; the proportional - integral - derivative 
according to actual needs to achieve the objectives of the controller adjusts an output frequency signal of the 
solutions of the embodiments . crystal oscillator according to the correction signal . 

Additionally , each functional unit in the embodiment of 2. The alkali - metal vapor cell atomic clock system 
the present invention can be integrated into one processing according to claim 1 , wherein the laser generating device 
unit , or each unit can exist physically and separately , or two 45 comprises a laser device , an electro - optical modulator , a 
or more units can be integrated into one module . The above spectroscopic means , a first acousto - optic modulator , a sec 
integrated modules can be implemented in the form of ond acousto - optic modulator , and a laser time sequence 
hardware or in the form of software functional units . regulator ; the microwave signal and the laser beam emitted 

It is understandable to those skilled in the art that all or by the laser device enter the electro - optical modulator , in 
part of the processes in the above mentioned embodiments 50 which the laser beam is modulated by the microwave signal ; 
can be completed by the related hardware commanded by a modulated laser beam is divided , by the spectroscopic 
computer programs instructions , wherein the computer pro means , into the first laser signal and the second laser signal 
gram can be stored in a computer readable storage medium . having the same intensity ; and the laser time sequence 
For example , in an embodiment of the present application , regulator is connected with the digital signal processor . 
the program can be stored in a storage medium of the 55 3. The alkali - metal vapor cell atomic clock system 
computer system and executed by at least one processor in according to claim 2 , wherein the spectroscopic means is a 
the computer system , to implement the processes compris non - polarization beam splitting prism . 
ing the embodiments of the methods described above . 4. The alkali - metal vapor cell atomic clock system 
Wherein , the storage medium can be a magnetic disk , an according to claim 2 , wherein the laser generating device 
optical disk , a Read - Only Memory ( ROM ) , or a Random 60 further comprises a half - wave plate disposed between the 
Access Memory ( RAM ) , etc. electro - optical modulator and the laser device . 
What described above are preferred embodiments of the 5. The alkali - metal vapor cell atomic clock system 

present invention , and they are described more specifically according to claim 2 , wherein the laser time sequence 
and in detail , but not intended to limit the scope of the regulator comprises a first radio frequency ( RF ) switch 
present invention . It should be noted that , for those skilled 65 connected with the first acousto - optic modulator , a second 
in the art , various modifications and improvements can be RF switch connected with the second acousto - optic modu 
made without departing from the concepts of the present lator , and a RF source which is connected with the first RF 
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switch and the second RF switch ; and the first RF switch and the second atomic vapor cell alternately lock the crystal 
the second RF switch are connected with the digital signal oscillator ; when the first atomic vapor cell is in a free 
processor . evolution state , the second atomic vapor cell is in a laser 

6. The alkali - metal vapor cell atomic clock system pumping state . 
according to claim 1 , wherein the photoelectric sensing 5 11. The alkali - metal vapor cell atomic clock system 
device comprises a first photoelectric detector and a second according to claim 1 , wherein the laser generating device 
photoelectric detector respectively connected with the digi comprises a laser device , two electro - optical modulators , a 
tal signal processor ; the first photoelectric detector is con spectroscopic means , a first acousto - optic modulator , a sec 
figured to convert the optical signal output from the first ond acousto - optic modulator , and a laser time sequence 
atomic vapor cell into an electrical signal ; and the second regulator ; a laser beam emitted by the laser device is divided 
photoelectric detector is configured to convert the optical into two laser beams with the same intensity by the spec 
signal output from the second atomic vapor cell into another troscopic means , and the two laser beams enter the two 
electrical signal . electro - optical modulators respectively ; microwave signals 

7. The alkali - metal vapor cell atomic clock system emitted by the frequency synthesizer are input into two 
according to claim 1 , further comprising a first magnetic is cal modulators , the microwave signals modulate the laser electro - optical modulators respectively ; in the electro - opti 
shielding device and a second magnetic shielding device ; 
wherein first magnetic field coil and a first atomic vapor beams ; modulated two laser beams are a first laser signal and 

a second laser signal ; the first laser signal and the second cell heater are provided inside the first magnetic shielding 
device ; a second magnetic field coil and a second atomic laser signal have the same intensity ; and the laser time 
vapor cell heater are provided inside the second magnetic 20 modulator , the second acousto - optic modulator , and the sequence regulator is connected with the first acousto - optic 
shielding device ; the first magnetic shielding device is 
configured to provide a magnetic shield for the first atomic digital signal processor respectively . 
vapor cell ; the second magnetic shielding device is config 12. The alkali - metal vapor cell atomic clock system 
ured to provide another magnetic shield for the second according to claim 5 , wherein the digital signal processor 
atomic vapor cell . outputs the first time sequence into the first RF switch , to 

control a time 8. The alkali - metal vapor cell atomic clock system sequence of the first laser signal ; the digital 
according to claim 1 , wherein the crystal oscillator is a signal processor outputs the second time sequence into the 
voltage - controlled oscillator . second RF switch , to control a time sequence of the second 

laser signal . 9. The alkali - metal vapor cell atomic clock system 
according to claim 1 , wherein a free evolution time of the 30 according to claim 9 , wherein a laser pumping time of the 13. The alkali - metal vapor cell atomic clock system 
first time sequence overlaps at least partially a laser pumping 
time of the second time sequence . first time sequence overlaps partially a free evolution time of 

the second time sequence . 10. The alkali - metal vapor cell atomic clock system 
according to claim 9 , wherein the first atomic vapor cell and 
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